To investigate the protective effect of metformin on testicular ischemia/reperfusion (I/R) injury in rats.
Introduction
Torsion of the spermatic cord is a common urologic emergency among infants and adolescents. It requires early diagnosis and surgical intervention to prevent subfertility and infertility 1 . Testicular injury resulting from spermatic cord torsion/ detorsion resembles the phenomenon of ischemia/reperfusion (I/R) 2 . It has been demonstrated that spermatic cord torsion in the rat causes permanent aspermatogenesis 2 . This loss of spermatogenesis has been shown to be due to germ cell-specific apoptosis 3, 4 . I/R of the testis stimulates an intra-cellular signaling cascade in the testicular endothelial cells that results in neutrophil recruitment, an increase in intra-testicular reactive oxygen species (ROS), and eventual germ cell-specific apoptosis 3, 5, 6 . Although the results are not conclusive, several anti-inflammatory drugs 7 or antioxidants and free radical scavengers [8] [9] [10] have been used to prevent such I/R injury in testis.
Metformin has been used in the management of type 2 diabetes for many years and its glucose-lowering effect is well-established. Metformin also has a beneficial effect on the cardiovascular system. It has been confirmed that metformin relieves inflammatory responses following cardiac ischemia and protects cardiac function 11 . Wang et al. 12 found that low doses of metformin may attenuate renal I/R injury by increasing the energy supply to the ischemic tissue and reducing the expression of inflammatory cytokines. To our knowledge, no study has investigated the role of metformin in testicular I/R injury. In the present study, we evaluated the effect of metformin on biochemical and histopathologic changes in the testicular tissue in rats.
Methods
All experimental procedures were conducted according to international ethics guidelines and were previously locally approved (reference code 034-2/2015).
Eighteen adult male Wistar rats aged 10-12 weeks (250-350g), were obtained from the Pasteur Institute of Iran. The rats were maintained with free access to regular food and water, at 22±1°C under a 12-h light/dark cycle.
The animals were randomly divided into three experimental groups, each with six rats: sham group were subjected to all operative procedures, except vessels occlusion.
I/R group were undergoing 1-hour of ischemia and 7 days of reperfusion. Metformin group were received oral administration of 100 mg/kg 13 metformin in 0.9% saline solution for 7 days by gavage technique after ischemic period.
The rats were fasted overnight before the experiments, but were given free access to water. They were weighed and anesthetized using an intramuscular injection of ketamine hydrochloride10% and xylazine hydrochloride 2% (50 mg/kg and 10 mg/kg, respectively) 14 . During the operations, additional doses were administered if necessary.
Experimental protocol
All operations were performed under sterile conditions.
An abdominal incision was made; then the testicular artery and vein of the left testis were occluded with a mini vascular clamp for 1-hour; after this process, the clamp was removed and the organ was allowed to reperfusion for 7 days. Sham operations were performed in a similar fashion, except the vessels were not clamped.
Samples collection
The rats were euthanized by overdose of pentobarbital injection (300 mg/kg, i.p.) at the end of the reperfusion period. The left testis was harvested, cleared of adhering connective tissue.
First, each testis was divided into two by a section and one half was fixed in Bouin's solution. The second half was stored at -80°C
for the biochemical analysis.
Preparation of testicular tissue homogenates
The samples were washed three times in cold normal saline solution (0.9%). Then, the tissues were homogenized in ice-cold Tris-HCl buffer solution within a homogenizer for 2min at 11.200×g. The homogenate was centrifuged at 3500×g (4°C) for 60min, and supernatant was obtained. The levels of myeloperoxidase (MPO) were determined in the supernatant, and malondialdehyde (MDA) levels were studied in the homogenate.
For a further extraction procedure, the supernatant was extracted in ethanol/chloroform mixture (5/3 v/v). After a second centrifugation at 3500×g for 20min, the clear upper layer was taken and used for superoxide dismutase (SOD) activity determination 15 .
Biochemical analysis
The principle of the SOD activity determination method was based on the inhibition of nitroblue tetrazolium reduction described by Sun et al. 16 and modified by Durak et al. 17 . One unit of SOD was defined as the enzyme activity causing 50% inhibition in the nitroblue tetrazolium reduction rate. The SOD activity was expressed as U/mg tissue. The MDA levels in testicular tissues were analyzed by a method based on the reaction with thiobarbituric acid at 95°C 18 . In the thiobarbituric acid test reaction, MDA or MDA-like substances and thiobarbituric acid react together to produce a pink pigment with an absorption maximum of 532 nm. The results were expressed as nmol/g tissue. Testicular injury was quantified by measuring testicular MPO activity, using a protocol modified from the previous report 19 . The MPO activity was determined after adding O-dianisidine dihydrochloride and hydrogen peroxide. The MPO activity was expressed as U/g tissue.
Oxidative stress biomarkers were determined by using kits (Randox Laboratories, Ltd., UK) according to the manufacturer's instructions.
Histologic evaluation
The testes were fixed in Bouin's solution (7.5 mL saturated picric acid, 2.65 mL glacial acetic acid and 2.5 mL 7% formaldehyde), post-fixed in 70% alcohol, and embedded in paraffin blocks. Sections (5 µm) were obtained, deparaffinized, and stained with hematoxylin-eosin. The testicular tissue was evaluated in random order with standard light microscopy by an observer who was unaware as to which group the rat had belonged. Histological findings in seminiferous tubule were evaluated according to Johnsen's scoring system (Table 1) 20 . The testicular Johnsen's score of all groups were shown in Table 2 . The testes in the I/R group were found to markedly increase disorganization, sloughing and loss of maturation of germ cells when compared with the sham group (Figures 1 and 2 ). I/R and metformin showed testicular damage in the histopathologic examination, but specimens from I/R group had a significantly greater histological injury (p<0.05) than metformin group ( Figure   3 ). The scores of the treated group were significantly higher than that of the I/R group. 
Discussion
Spermatic cord torsion-detorsion is an I/R process of the testis. In the course of I/R, ROS are overproduced. The main cause of tissue injury after I/R is ROS 21 . ROS production seems to possess two phases in ischemic-reperfused tissues. The first phase occurs immediately after reperfusion, extends for a few hours and is a typical oxidative stress situation, reversible in terms of cellular injury 2, 8 . MDA is the end product of lipid peroxidation and is a well-known parameter for determining the increased free radical formation in post-ischemic tissue 22, 23 . SOD and glutathione peroxidase are major enzymes that scavenge harmful ROS in male reproductive organs 24 . Previous studies have shown similar findings that I/R leads to increased MDA and inactivation of antioxidant enzymes in rat testes 23, 25, 26 . ROS Metformin is a biguanide drug which improves the sensitivity to insulin, increases the insulin-stimulated uptake and utilization of glucose, reduces basal hepatic glucose production, causes weight reduction and decreases hunger 28 . Recent studies have recommended the use of this drug for kidney protection. These studies have suggested that metformin has antioxidant activities, too 29, 30 . The apoptosis, induced by oxidative stress, in endothelial cells was reduced and the vascular dysfunction was prevented following metformin therapy 28 . Recently, the ameliorative effect of metformin was demonstrated against I/R induced injury in rats 31 .
Indeed, there is evidence that, when metformin is used alone, the beneficial effect of metformin might be due to its mild inhibition of the mitochondrial respiratory chain. It is also suggested that metformin treatment may attenuate the increase in MDA and total ROS generation and restore the decrease in both enzymatic and non-enzymatic antioxidants [31] [32] [33] . We determined that metformin restored SOD activity, MDA and MPO levels.
In this study, we evaluated testicular injury by observing changes in tubular architecture and also by applying Johnsen's scoring system. Using a rat model it has been demonstrated that testicular I/R caused a significant decrease in testicular score 34 . In our experiment, we observed morphologic changes in testes following testicular I/R. The Johnsen's criteria decreased significantly in I/R groups compared with the sham animals.
Treatment of metformin had a significant benefit to the tubular architecture or Johnsen's score after I/R.
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Conclusion
Metformin played a role in alleviating the inflammatory responses, which was beneficial in protecting the testis from ischemia-reperfusion injury.
